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Data a c q u i s i t i o n  is now f i n i s h e d  f o r  E  234 which s p i n  2  ma t r i x  e lements  were ignored2.  A r e c e n t  
measured t h e  angu l a r  d i s t r i b u t i o n  of t h e  c ro s s  s e c t i o n ,  measurement3 a t  low energy (E(d)  = 10 MeV) of t h e  c r o s s  
v e c t o r  ana lyz ing  power Ay and t en so r  ana lyz ing  power s e c t i o n ,  Ay, and Ayy has  proven t h a t  t h i s  s imple  
+ 
AyY f o r  t h e  r e a c t i o n  2 ~ ( 2 ~ ,  y)'He a t  an i n c i d e n t  d e s c r i p t i o n  i s  not  complete.  Ay i s  d r i v e n  by an 
deuteron  energy of 95 MeV. The i n t e r e s t i n g  a spec t  of i n t e r f e r e n c e  between t h e  E2 and o t h e r  mu l t i po l e s  and 
t h i s  r e a c t i o n  i s  t h a t  t h e  t e n s o r  ana lyz ing  powers a r e  was expected  t o  be sma l l ;  i t  was found t h a t  Ay was not  
gene ra t ed  d i r e c t l y  by t h e  D-s ta te  p r o b a b i l i t y  of t he  sma l l  and was comparable i n  s i z e  t o  Ayy. A d d i t i o n a l  
r e s i d u a l  4 ~ e  nucleus .  The r e a c t i o n  was expected  t o  proof f o r  t h e  c o n t r i b u t i o n  of non-E2 s t r e n g t h  was found 
proceed predominant ly  by E2 r a d i a t i o n  s i n c e  t h e  E l  i n  a  Legendre f i t  t o  Ayy which r equ i r ed  a n  odd te rm t o  
m u l t i p o l e  is fo rb idden  by sp in -pa r i t y  c o n s i d e r a t i o n s  f i t  t h e  d a t a ;  such terms a r e  not  a l lowed by t h e  pure  E2 
wh i l e  t h e  M 1  t r a n s i t i o n  was expected  t o  be i n h i b i t e d  by p r o c e s s 2 , 3 .  I n c l u s i o n  of t h e  M2 m u l t i p o l e  is needed 
i s o s p i n  s e l e c t i o n  r u l e s  f o r  s e l f  con juga t e  nuc l e i .  f o r  a  complete d e s c r i p t i o n .  
Meson exchange c u r r e n t s  w i th  e x p l i c i t  i s o b a r s  should  be At h ighe r  e n e r g i e s  (E(d)  = 376 MeV) t h e  a v a i l a b l e  
suppressed  s i n c e  a l l  t h e  p a r t i c l e s  a r e  i s o s c a l a r .  d a t a  ( c r o s s  s e c t i o n s  on ly )  a r e  s p a r s e  and of g e n e r a l l y  
These r e s t r i c t i o n s  on t h e  r e a c t i o n  mechanism r e s u l t  i n  poor q u a l i t y  due t o  t h e  very low c r o s s  s e c t i o n  
a  p roce s s  uniquely  s e n s i t i v e  t o  a  p a r t i c u l a r  p i e c e  of ( t y p i c a l l y  20-40 p b / s r ) .  A s i n 2 ( 0 )  a n g u l a r  d i s t r i b u -  
t h e  4 ~ e  wavefunct ion  wi th  a  c l e a r  r e a c t i o n  mechanism; t i o n  ( c h a r a c t e r i s t i c  of an  E l  t r a n s i t i o n )  f i t s  t h e s e  
t h e  p r i c e  pa id  f o r  t h i s  c l a r i t y  i s  t h a t  t h e  c ro s s  d a t a  b e t t e r  t han  t h e  s i n 2 ( 2 0 )  shape  of an  E2 t r a n s i -  
s e c t i o n  is a t  most 2  n b / s r  i n  t h e  l a b  a t  E(d)  = 95 MeV. t i o n .  One p o s s i b l e  e x p l a n a t i o n  is t h a t  t h e  deu t e rons  
+ 
Since  i t  was i m p r a c t i c a l  t o  monitor t h e  2 ~ ( 2 ~ , y ) 4 ~ e  r ea r r ange  t o  form a  t r i n u c l e o n  + nucleon sys tem 
r e a c t i o n  on- l ine  du r ing  t h e  exper iment ,  t h e  fo l lowed by r a d i a t i v e  cap tu r e .  Higher o r d e r  meson 
' H ( ~ H , ~ ) ~ H ~  r e a c t i o n  was used t o  s e t  up and monitor t h e  exchange c u r r e n t s  could  a l s o  e x p l a i n  t h i s  change i n  t h e  
experiment.  The t e n s o r  ana lyz ing  powers of t h i s  shape  of t h e  c r o s s  s e c t i o n 4 .  What is c l e a r  is t h a t  
r e a c t i o n  a r e  a l s o  s e n s i t i v e  t o  t h e  D-s ta te  of t he  from 10 MeV t o  270 MeV a r a d i c a l  change occu r s  i n  t h e  
3 ~ e  nucleus ,  enab l i ng  us  t o  c a r r y  out  a  u s e f u l  r e a c t i o n  mechanism. 
measurement a s  w e l l  a s  a  d e t e c t o r  c a l i b r a t i o n .  Our measurement a t  95 MeV extends  t h e  p o l a r i z a t i o n  
At lower e n e r g i e s  t h i s  s imple  p i c t u r e  de sc r i bed  measurements t o  s i g n i f i c a n t l y  h ighe r  energy.  The 
t h e  a v a i l a b l e  d a t a  very  we l l .  The c r o s s  s e c t i o n  was combination of c r o s s  s e c t i o n  and p o l a r i z a t i o n  
f i t  very w e l l  by t h e  expec ted  s i n 2 ( 2 0 )  d i s t r i b u t i o n  obse rvab l e s  should  enab l e  t h e  r e a c t  i o n  mechanism t o  be 
c h a r a c t e r i s t i c  of an E2 t r a n s i t i o n .  T20 was un rave l ed ,  l e a d i n g  t o  a  good de t e rmina t i on  of t h e  4 ~ e  
i s o t r o p i c 1 ,  which was expected  i f  t h e  r e a c t i o n  D-s ta te  p r o b a b i l i t y .  Our energy i s  probably  not  h igh  
proceeded by E2 r a d i a t i o n  and p roduc t s  of two channel  enough t o  reach  t h e  El-type r eg ion ;  p r e l im ina ry  
a n a l y s i s  of about 15% of t h e  d a t a  shows t h a t  we have a  
deep minimum a t  90 degrees .  
During t h e  summer of 1985 E 234 comple te ly  
f i n i s h e d  i t s  beam time a l l o c a t i o n .  Lead g l a s s  
Cherenkov d e t e c t o r s  were used t o  d e t e c t  t h e  photon and 
a  p l a s t i c  s c i n t i l l a t o r  d e t e c t o r  t e l e s c o p e  d e t e c t s  t he  
c o i n c i d e n t  helium nucleus  (F igu re  1). The major 
t e c h n i c a l  problem is t h a t  t h e  r e c o i l  n u c l e i  emerge a t  
s m a l l  ang l e s  r e l a t i v e  t o  t h e  beam a x i s  and t h e  r e c o i l  
d e t e c t o r  must then  be a b l e  t o  s e p a r a t e  a  f l ood  of 
s c a t t e r e d  deuterons  from t h e s e  helium n u c l e i .  F a s t  
t iming  r e f e r enced  t o  t h e  cyc lo t ron  RF s i g n a l  c l e a n l y  
s e p a r a t e s  t h e s e  p a r t i c l e s .  F igu re  2  shows f o r  
1 H ( 2 i , v ) 3 ~ e  t h e  t ime of f l i g h t  i n  t h e  r e c o i l  t e l e s c o p e  
w i th  and w i thou t  t h e  cond i t i ons  f o r  r a d i a t i v e  cap tu r e  
even t s .  With t iming  r e s o l u t i o n  of 500 psec  (FWHM) t h e  
background under t h e  r a d i a t i v e  cap tu r e  peak i s  only 
about  10% of t h e  r a d i a t i v e  cap tu r e  peak before  any 
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Figu re  1. E234 Expermental  Apparatus 
c u t s .  While t h i s  c ro s s  s e c t i o n  is about 400 t imes  
l a r g e r  than  t h e  2H( *H, ;) 4 ~ e  c r o s s  s e c t  i on  t h e  
p r e l im ina ry  a n a l y s i s  showed t h a t  t h e  background can be 
reduced t o  b e t t e r  t han  about 20 pb / s r  f o r  t h e  
+ 
2 ~ ( 2 ~ ,  y ) 4 ~ e  p roce s s .  F igu re  2b shows t h e  t iming  i n  a  
lead-g lass  d e t e c t o r .  Most neutron-induced even t s  were 
e l i m i n a t e d  i n  hardware wi th  a  c u t  on t h e  c y c l o t r o n  RF 
s i g n a l ,  which g ive s  t h e  sha rp  edge on t h e  l e f t  of t h e  
spectrum. The s t a b i l i t y  of t h e  RF s i g n a l  was monitored 
i n  a  s e p a r a t e  " f a i l - s a f e "  c i r c u i t  which compared t h e  
c y c l o t r o n  RF s i g n a l  t o  t h e  r e a l  a r r i v a l  t ime of t h e  
beam b u r s t  a t  t h e  t a r g e t .  More d e t a i l s  of t h e  
experiment a r e  g iven  i n  t h e  1984 Annual Report .  
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Figu re  2. 1 ~ ( 2 ~ l y )  3 ~ e  response  s p e c t r a :  ( a )  Typ i ca l  
t ime of f l i g h t  s p e c t r a  from t h e  r e c o i l  d e t e c t o r .  
Ungated spec t rum o v e r l a i n  by r a d i a t i v e  cap tu r e  ga t ed  
spectrum. ( b )  Typ i ca l  t ime of f l i g h t  s p e c t r a  from t h e  
photon d e t e c t o r .  Ungated spec t rum o v e r l a i n  by r ad i a -  
t i v e  c ap tu r e  ga t ed  spectrum. 
+ 
The a n a l y s i s  of t h e  l ~ ( ~ H , y ) ~ H e  d a t a  is almost  
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Figu re  3. P r e l im ina ry  r e s u l t s  f o r  t h e  
H( H1y) He r e a c t i o n  a t  E(d)  = 95 MeV. The 
cu rves  a r e  a  r e s u l t  of a  PWBA c a l c u l a t i ~ n . ~  
( a )  D i f f e r e n t i a l  c r o s s  s e c t i o n  i n  t h e  c e n t e r  of 
momentum sys tem,  ( b )  v e c t o r  anay l z ing  power 
Ay, (c)  t e n s o r  ana lyz ing  power Ayy. 
completed. The d a t a  shown i n  F ig .  3  a r e  p r e l im ina ry  
and t o  be c o r r e c t e d  f o r  d e t e c t o r  e f f i c i e n c y ,  r e a c t i o n  
e f f e c t s  i n  t h e  r e c o i l  t e l e s c o p e ,  background 
' s u b t r a c t i o n ,  and o t h e r  e f f e c t s .  The e r r o r s  h e r e  only 
i n c l u d e  t h e  s t a t i s t i c a l  accuracy  of t h e  measurements. 
PWBA c a l c u l a t i o n s  by Ar r i aga  and  ant os6 a r e  shown. 
These c a l c u l a t i o n s  used t h e  same va lue  of t h e  D-S s t a t e  
r a t i o  t h a t  gave t h e  be s t  f i t  t o  lower energy 
(E(d)  = 30) da ta .6  Our d a t a  w i l l  soon be i n  a  form 
s u i t a b l e  f o r  p u b l i c a t i o n  and p r e p r i n t s  should  be 
a v a i l a b l e  by A p r i l ,  1986. 
A f t e r  t h e  l ~ ( ~ ; , y ) ~ H e  a n a l y s i s  is f i n i s h e d ,  t h e  
2H(2i ,y)4He a n a l y s i s  w i l l  begin.  Oui s t r a t e g y  was t h a t  
+ 
t h e  procedures  would be checked i n  t h e  I H ( ~ H , ~ ) ~ H ~  
a n a l y s i s  w i th  i t s  l a r g e  event  r a t e  be fo r e  t h e  
+ + 
2 ~ ( 2 ~ , y ) 4 ~ e  a n a l y s i s  was s t a r t e d .  The 2 ~ ( 2 ~ , y ) 4 ~ e  
a n a l y s i s  should  be f i n i s h e d  by mid-summer, and t h e  
f i n a l  d a t a  s e t  should  be ready f o r  p u b l i c a t i o n  by 
August 1, 1986. 
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